A cute colonic diverticulitis is a gastrointestinal condition frequently encountered by primary care practitioners, hospitalists, surgeons, and gastroenterologists. Clinical presentation ranges from mild abdominal pain to peritonitis with sepsis. It can often be diagnosed on the basis of clinical features alone, but imaging is necessary in more severe presentations to rule out such complications as abscess and perforation. Treatment depends on the severity of the presentation, presence of complications, and underlying comorbid conditions. Medical and surgical treatment algorithms are evolving. This article provides an evidencebased, clinically relevant overview of the epidemiology, diagnosis, and treatment of acute diverticulitis.
Acute colonic diverticulitis is a gastrointestinal condition commonly seen in the outpatient and inpatient settings. The prevalence of diverticulitis in the United States has increased dramatically over the past several decades and is estimated to be 180 cases per 100 000 persons per year (1, 2). Most patients with diverticulitis are older than 50 years; however, it is increasingly being seen in younger persons. Diverticulitis is more common in women than in men, particularly after the sixth decade of life, and in white persons than in other racial groups (1).
Diverticulosis is a condition in which outpouchings, or diverticula, develop in the colon. Most patients with diverticulosis are asymptomatic. However, 1%-4% of patients with diverticulosis develop diverticulitis (3). Of those with incident disease, approximately 20% have 1 or more recurrent episodes within 10 years (2). Diverticulitis is characterized by inflammation of one or several adjacent diverticula and the surrounding colon. Patients with diverticulitis present with acute or subacute onset of abdominal pain typically occurring in the left lower abdominal quadrant. Other common presenting signs and symptoms include nausea without vomiting, low-grade fever, change in bowel habits, and elevated leukocyte count and inflammatory markers (4).
Diverticulitis can be categorized as uncomplicated or complicated. Uncomplicated diverticulitis involves thickening of the colon wall and pericolonic inflammatory changes. Complicated disease also includes abscess, peritonitis, obstruction, and/or fistula. Approximately 12% of patients with diverticulitis present with complicated disease (2). Management depends on disease severity and the presence of complications and comorbid diseases. Antibiotics have been the mainstay of therapy, although recent studies indicate that selected patients with uncomplicated diverticulitis can be safely managed without antibiotics. Patients with complicated disease often require surgical intervention.
Diverticulosis is necessary for the development of diverticulitis. Increasing age is an important risk factor for both diverticulosis and diverticulitis; obesity and smoking also increase the likelihood of diverticulosis (5). Low fiber intake and constipation have historically been regarded as the predominant risk factors for diverticulosis, based on ecological studies from the 1960s. However, these studies relied on broad regional dietary habits rather than actual intake among individual patients and did not control for age or other important confounders. Two recent cross-sectional studies indicated that low fiber intake and constipation did not increase risk for diverticulosis after other potential risk factors were controlled for (5, 6).
However, diet and lifestyle are important contributors to diverticulitis. Low fiber intake, high red meat intake, obesity, physical inactivity, and smoking are all associated with increased risk (7) (8) (9) (10) (11) (12) . One study found that 50% of cases could be prevented with adherence to a healthy lifestyle, including fiber intake exceeding 23 grams per day, red meat intake less than 51 grams per day, vigorous physical activity for 2 hours per week, body mass index less than 25 kg/m 2 , and avoidance of smoking (9). Dietary patterns also seem to be important. A Western dietary pattern high in red meat, refined grains, and fatty dairy foods is associated with increased risk for diverticulitis, whereas a diet high in fruits, 
Diagnosis
What are the symptoms of diverticulitis?
Depending on disease severity, the clinical presentation of acute diverticulitis ranges from mild abdominal pain to peritonitis with hemodynamic instability. The most common presenting symptom is abdominal pain, which typically has acute to subacute onset (mean time to presentation is 2 days) and is located in the left lower quadrant. The pain is constant and tends to be exacerbated by movement. The left-sided predominance is because diverticulitis usually occurs in the sigmoid or descending colon. However, in Asian populations, diverticulitis is predominantly right-sided, and therefore pain is more often located on the right. In addition, some patients present with right-sided or suprapubic pain due to the location or anatomy of the sigmoid colon.
Other common presenting symptoms include diarrhea, constipation, and nausea without vomiting (4). Rectal bleeding is uncommon and should prompt evaluation of other sources of pain. Some patients have urinary symptoms due to the proximity of the inflamed colon to the bladder. In a patient with diverticulitis, the presence of fecaluria, pneumaturia, or pyuria signifies the presence of a colovesical fistula, and passage of gas or stool through the vagina is indicative of a colovaginal fistula. Constipation, obstipation, and abdominal distention may indicate obstruction. Obstruction can be seen with acute diverticulitis due to colonic inflammation or abscess but is more common after 1 or more episodes as a result of scarring and stricture formation (18).
What should the physical examination of a patient with suspected diverticulitis include?
Physical examination should include vital signs, with close attention to temperature, heart rate, and blood pressure. 
What is the role of decision-making tools?
The diagnostic accuracy of the clinical evaluation alone for diverticulitis is imperfect, particularly in patients without a prior diagnosis. Studies indicate that suspected diverticulitis is misdiagnosed in 40%-60% of patients (22, 24) . Several decision tools have been created to increase the accuracy of the clinical diagnosis of diverticulitis in patients presenting with acute abdominal pain. In a prospective study of patients presenting to the emergency department, the following 3 predictors of diverticulitis were identified: absence of vomiting, localized left lower quadrant tenderness, and CRP levels exceeding 50 mg/L (24). These 3 features were present in 25% of patients, and the positive predictive value of the combination was 97%. However, in an external validation study, the positive predictive value was 81% and a misdiagnosis would have delayed treatment in 5 of 11 patients without diverticulitis. In addition, 7 patients correctly diagnosed with diverticulitis had complicated disease requiring further intervention (25).
In a multivariable analysis, factors associated with diverticulitis were age older than 50 years, pain localized in the left lower quadrant, left lower quadrant tenderness on examination, exacerbation of pain with movement, absence of vomiting, temperature of 38.5°C or higher, history of 1 or more episodes of diverticulitis, and CRP levels of 50 mg/L or greater (22).
The area under the receiveroperating characteristic curve was 86%, representing good ability to discriminate between diverticulitis and other causes of pain, and was 84% and 89% in 2 separate validation cohorts (25). When a scoring nomogram was used, patients with greater than 90% probability of diverticulitis had positive predictive values of 92% and 89%.
Given the high specificity and positive predictive value, these tools may aid in identifying possible diverticulitis. However, the proportion of patients who meet the criteria for these rules is small and sensitivity is low, so they are not useful for ruling out diverticulitis. Furthermore, patients with these risk factors, particularly those with elevated CRP levels, are at risk for complicated diverticulitis. Such patients may require crosssectional imaging to assess the need for further intervention. Therefore, these risk factor models can be used to aid diagnosis of diverticulitis in conjunction with clinical judgment but are not a substitute for imaging, particularly in patients with severe signs and symptoms.
When should clinicians consider imaging tests?
As Surg. 2016; 35:201-208. [PMID: 27741423] medical treatment. Immunocompromised patients are at higher risk for complications and may not mount an inflammatory response. Therefore, the threshold for imaging in this subgroup is low.
The imaging method of choice is multidetector-row abdominal computed tomography (CT) with intravenous and luminal contrast (26). In a systematic review and meta-analysis, abdominal CT had sensitivity of 95% and specificity of 96% for diagnosing diverticulitis (27). Low-radiation dose protocols seem to perform similarly. Abdominal ultrasonography can also be used to evaluate patients with suspected diverticulitis-reported sensitivity and specificity are approximately 90% (27). Ultrasonography has the advantage of reducing contrast and radiation exposure and can be performed at the bedside in critically ill patients; however, it is more operatordependent than CT and views are more limited, particularly in obese patients (26). Magnetic resonance imaging is also highly sensitive and specific and can be considered in patients who are not candidates for CT or ultrasonography. Plain abdominal radiography can be helpful in identifying pneumoperitoneum and ruling out other diagnoses, such as bowel obstruction, but cannot be used to confirm the diagnosis of diverticulitis or abscess.
When should clinicians consult with a gastroenterologist or surgeon?
Diverticulitis can usually be diagnosed on the basis of physical examination and abdominal imaging and does not require consultation with a gastroenterologist or surgeon. A gastroenterology consultation may be useful in patients in whom inflammatory bowel disease, other forms of colitis, or colon cancer remain in the differential diagnosis after the initial evaluation. Indeed, all patients should have colonoscopy after recovery from an initial episode of diverticulitis to exclude the possibility of misdiagnosed colon cancer if a high-quality colonoscopy has not been done recently (28).
In patients with chronic or recurrent symptoms but no clear evidence of inflammation, a gastroenterology consultation can be useful to evaluate the possibility of symptomatic uncomplicated diverticular disease or irritable bowel syndrome. In addition, patients with refractory symptoms, symptoms that recur shortly after completion of therapy, or significant hematochezia may benefit from surgical and gastroenterology consultation. These patients may have an alternative diagnosis, such as inflammatory bowel disease, segmental colitis associated with diverticulitis, or "smoldering" refractory diverticulitis.
Diagnosis... Diagnosis of acute diverticulitis is based on the presence of abdominal pain, usually located in the left lower quadrant. Other features that support the clinical diagnosis include age older than 50 years, left-sided tenderness on examination, exacerbation of pain with movement, absence of vomiting, fever (usually low-grade), history of diverticulitis, and elevated CRP levels. Abdominal CT should be performed in patients with a severe presentation to assess for complications and in those who are immunocompromised or do not respond to initial therapy. Computed tomography can also confirm the diagnosis in patients without a history of imaging-confirmed disease. Ultrasonography or magnetic resonance imaging can also be used. 
CLINICAL BOTTOM LINE

Treatment
What is the overall approach to management of patients with acute diverticulitis?
The treatment approach to patients with diverticulitis depends on the severity of the presentation, presence of complications, and comorbid conditions. The first step involves determining whether the patient has complicated or uncomplicated disease. Uncomplicated diverticulitis can often be managed medically and in the outpatient setting, whereas complicated disease requires more aggressive care and often urgent or elective surgery. Antibiotics are the mainstay of therapy for most patients with diverticulitis, although selected patients with uncomplicated disease may be managed without antibiotics.
How can the Hinchey classification scheme help guide management?
Several classification systems have been developed to categorize diverticulitis severity and guide management. 
What is the role of antibiotics?
In the past, all cases of diverticulitis were treated with antibiotics. 
How should diet be managed during an acute episode?
There is little evidence to guide dietary recommendations in the setting of acute diverticulitis. Traditionally, a clear liquid diet has been recommended early in the course, with gradual advancement to a low-fiber diet until symptoms resolve. A small, uncontrolled prospective study allowed patients with uncomplicated diverticulitis to consume an unrestricted diet and found that it generally was welltolerated; however, 8% of patients had serious events (36). Therefore, in patients with mild diverticulitis, it is reasonable to recommend a clear liquid diet until symptoms begin to improve, with subsequent advancement to a low-fiber diet until symptoms resolve. After symptom resolution, a high-fiber diet low in red meat is recommended. Patients hospitalized with severe disease should abstain from oral intake until they become stable.
How should pain be managed during an acute episode?
As with diet, there are few data to guide pain management in diverticulitis, and most guidelines do not address this issue. Use of NSAIDs is associated with incident and complicated diverticulitis (11) and should thus be avoided in patients with acute diverticulitis. Similarly, opiates have been associated with increased risk for perforated diverticulitis (15). However, these agents are often used for pain control in studies of diverticulitis and can be prescribed if pain is refractory to other measures. Acetaminophen and such antispasmodics as dicyclomine are first-line agents for managing pain and cramping in mild to moderate disease.
When should patients be hospitalized?
Outpatient management can be considered in patients with uncomplicated diverticulitis and in some patients with stage Ib disease (small peridiverticular abscess) in the absence of severe clinical presentation, unstable comorbid conditions, immunosuppression, or oral intake intolerance and if social support is available (26).
In a randomized trial of 132 patients with uncomplicated Hinchey stage Ia diverticulitis, no difference was seen in readmission rates or the need for emergency surgery or percutaneous drainage in patients hospitalized for treatment versus those treated in the outpatient setting (37). Patients were excluded if they had persistent pain or fever after receiving 1 dose of antibiotics and analgesics. Patients in this study
were also excluded if they had a severe presentation, unstable comorbid disease, immunosuppression, or oral intake intolerance.
When should clinicians consider consultation with a gastroenterologist or surgeon?
A surgeon should be consulted in cases of large abscesses, peritonitis, or severe signs and symptoms that do not improve with medical management. Surgical input is also necessary in patients with diverticulitis complicated by obstruction and fistula. Those with frequent or severe diverticulitis may also benefit from surgical consultation. An interventional radiologist should be consulted for patients with large abscesses (>3-4 cm) for consideration of percutaneous drainage.
A gastroenterologist should be consulted in patients with frequent, recurrent episodes and in those with chronic symptoms who do not have clear recurrent diverticulitis. In addition, patients with an uncertain diagnosis, such as those who may have inflammatory bowel disease or colon cancer, should see a gastroenterologist. Finally, all patients should have colonoscopy 4 -8 weeks after the incident episode if it has not been done recently.
What is the role of surgery?
The main indications for surgical intervention in diverticulitis are complicated (perforation, abscess, stricture, and fistula) and recurrent diverticulitis. The surgical approach to both of these indications is evolving and generally becoming less aggressive.
The most common complication of diverticulitis is abscess (approximately 10% of patients). Patients with small abscesses (<3-4 cm), phlegmons, or small amounts of extraluminal air can usually be managed with antibiotics alone (Hinchey stages 0 and I) (38). Larger abscesses are generally treated with percutaneous drainage, particularly if the response to antibiotics alone is insufficient. In some cases, the location of the abscess may prevent percutaneous drainage, and laparoscopic drainage may be necessary. Careful monitoring is necessary, particularly in patients with large abscesses managed without drainage. Repeated abdominal CT should be considered in any patient whose condition deteriorates or who does not respond. After medical treatment of a large abscess, elective segmental colectomy is recommended on the basis of retrospective studies, which indicate a high rate of recurrence in this population (39). Successful nonsurgical treatment has also been reported and may be appropriate for well-selected and in-formed patients (40, 41). Surgical resection is usually necessary to relieve symptoms when diverticulitis is complicated by a fistula or chronic obstruction due to stricture.
Urgent surgical intervention is required for patients with sepsis and diffuse peritonitis (Hinchey stages III and IV) or those who remain ill despite adequate medical therapy (27). Highly selected patients with perforation but no significant sepsis or peritoneal findings may initially be managed medically to avoid urgent surgery, given its high associated morbidity (42). The approach for patients who require surgery remains controversial. Historically, sigmoid colectomy was performed with end colostomy and a Hartmann pouch (closure of the anorectal stump), but this approach is associated with a high rate of complications and permanent stomas. Alternatively, sigmoid colectomy with primary anastomosis and diverting loop ileostomy has been proposed. Although data suggest that this approach is associated with fewer complications and higher rates of stoma reversal (40, 43), studies are small and predominantly retrospective, and there is a high likelihood that patients with favorable risk profiles were selected for primary anastomosis. Therefore, this approach is used on a case-by-case basis according to individual factors, such as the degree of inflammation in the area of the proposed anastomosis and patient stability (40). Colonic resection with a Hartmann pouch is the procedure of choice in patients with generalized peritonitis who are critically ill or have multiple comorbidities (27).
Laparoscopic lavage has also been proposed as a means to control purulent (not feculent) peritonitis (Hinchey stage III) and allow for an elective resection with primary anastomosis. This technique consists of pus aspiration, abdominal lavage, and drain placement. Data on this topic are conflicting. Guidelines based on data that predate the results of randomized trials state that surgery without resection is generally not an appropriate alternative to colectomy (27). Resection is consistently recommended in the case of feculent peritonitis (Hinchey stage IV) (27).
In a meta-analysis of 7 studies (including 3 small randomized trials), the risks for postoperative intra-abdominal abscess and peritonitis and emergency reoperation were higher in patients undergoing laparoscopic lavage versus colonic resection (44
Surgery is also considered on an elective basis for patients with recurrent, uncomplicated diverticulitis. In the past, surgery was recommended after 2 occurrences and potentially sooner in young persons. However, accumulating data on the natural history of the disease suggest that it is not progressive. Most complications (except fistulas and obstruction) occur during the first or second episode, and emergency surgery is rarely needed in the setting of recurrent disease (45). Furthermore, morbidity is common after elective resection (10%-15%), and surgery does not eliminate risk for recurrence (5%-8% risk at 8 years) (46). Data on quality of life after surgery for recurrence are conflicting. Therefore, elective surgery is recommended for recurrent, uncomplicated diverticulitis on a case-by-case basis, with consideration of such factors as severity and frequency of attacks, effect on quality of life, need for immunosuppression, surgical risk profile, and patient preference (27).
Studies comparing elective open surgery versus laparoscopic resection for recurrent sigmoid diverticulitis have generally indicated that the laparoscopic approach decreases the incidence of major complications, length of hospital stay, and quality of life (40). A guideline from the American Society of Colon and Rectal Surgeons recommends that the laparoscopic approach be used for elective colectomy for diverticulitis if the expertise is available (27). In addition, the entire sigmoid colon and preferably all segments previously involved with diverticulitis should be removed to decrease risk for postsurgical recurrence (27).
What is the prognosis?
After a first episode of diverticulitis, risk for recurrence at 10 years is approximately 20%, risk at 10 years after the second episode is 55%, and risk at 3 years after the third episode is 40%. Risk for recurrence in patients with complicated disease treated medically seems to be similar to that of patients with uncomplicated disease (2). After an episode of uncomplicated diverticulitis, the short-term risk for abscess or perforation is only 2% (32). Approximately 40% of patients with uncomplicated diverticulitis report mild to moderate abdominal pain 1 year after resolution (31).
Because immunosuppression (such as from steroids and other immunosuppressive medications, organ transplant, or chemotherapy) is a risk factor for complicated diverticulitis, management differs in this subgroup (47). As noted, NSAID use is strongly associated with complicated diverticulitis, including perforation. Other medications associated with complicated diverticulitis include opiate analgesics and corticosteroids (16). Risk for complicated diverticulitis is highest during the first episode and decreases with subsequent episodes (45), so recommendations for prophylactic surgery are no longer predicated on the number of episodes (27).
Risk factors for recurrent disease include young age at onset, severity of the incident event, number of recurrences, extent of colon involvement during the incident event, and a family history of diverticulitis (2, 48). Unfortunately, these factors are not modifiable. The role of diet and lifestyle factors in recurrent diverticulitis is not clear. However, data from studies of incident disease suggest that a highfiber diet and physical activity reduce the risk for recurrence and NSAID use increases the risk (46).
Are there medical options for prevention of recurrent diverticulitis?
There has been recent interest in medical prevention of recurrent diverticulitis in light of the increasingly less aggressive surgical approach and of new theories of disease pathogenesis involving the role of chronic intestinal inflammation and gut microbial dysbiosis. Three agents have been studied: mesalamine (an anti-inflammatory drug used in inflammatory bowel disease), rifaximin (a broadspectrum, poorly absorbed antibiotic), and probiotics. Mesalamine is the best-studied of these agents; however, 6 randomized trials and a meta-analysis found no benefit of mesalamine over placebo in preventing recurrence (46). The American Gastroenterological Association recommends against using mesalamine to prevent recurrence on the basis of existing evidence (29). Rifaximin and probiotics have each been examined in 1 small trial. Therefore, the effect of these agents on recurrent diverticulitis is uncertain, and the American Gastroenterological Association guideline recommends against the use of these agents after uncomplicated diverticulitis in light of the uncertainty of the lowquality evidence (29). Although patients older than 80 years with newly diagnosed diverticulitis seem less likely to have recurrent disease and require surgical intervention less often than younger patients (49), both acute and elective surgery in elderly persons are associated with substantially increased morbidity and mortality. In 1 study, mortality was 5 times higher in inpatients older than 85 years having urgent surgery and 12 times higher in patients having elective surgery than in those aged 65-69 years. Elderly patients were also at greater risk for intestinal diversion and hospital readmission (50). Therefore, a nonsurgical approach is recommended when possible in older patients. A low threshold for hospitalizing older patients is also reasonable.
Considerable uncertainty surrounds the role of immunosuppression in diverticulitis because most studies are small, retrospective, and heterogeneous with respect to the definition of immunosuppression. However, the increased risk for complicated disease with corticosteroid use is well-defined (16). Other forms of immunosuppression that have been associated with complicated diverticulitis include chemotherapy, organ transplant, and chronic renal failure (47). In general, patients who are immunocompromised tend to present with more aggressive disease and are more likely to require surgical intervention (47). Therefore, it is recommended that immunocompromised patients with suspected diverticulitis undergo imaging to confirm the diagnosis and rule out complications. Antibiotics are recommended for these patients, even if they have uncomplicated disease, and the threshold for hospitalization should be low. Postsurgical morbidity and mortality are also increased in immunocompromised patients, but whether they are at increased risk for recurrence is uncertain (47, 51). Decisions on performing elective surgery in immunocompromised patients must balance the risk for complicated recurrence with the surgical risk. Current guidelines recommend a lower threshold for prophylactic surgery in these patients (27, 40) .
How should patients be monitored after recovery from an acute episode?
Colonoscopy is recommended in patients after the incident episode to rule out other pathologic conditions, such as colon cancer and inflammatory bowel disease. A randomized controlled trial of antibiotic treatment for diverticulitis estimated that 1 in 100 patients with imaging-confirmed diverticulitis would have occult colon cancer in the area of diverticulitis, and thus a missed diagnosis of cancer. However, this may be an overestimate given that patients with diagnostic uncertainty are more likely to be referred for colonoscopy (32). Risk for missed colon cancer is higher in patients presenting with perforated diverticulitis. Because colonoscopy may increase risk for perforated diverticulitis, it should be delayed until 4 -8 weeks after the episode resolves. Colonoscopy may not be necessary in patients who have recently had a high-quality colonoscopy.
An estimated 80% of patients with diverticulitis have only 1 episode. In addition, recurrences tend to be of the same or lesser severity, and complications, such as perforation, are generally seen during the first or second episode (40, 45). Therefore, most patients require no special monitoring beyond a postrecovery colonoscopy.
Treatment... The treatment approach to acute diverticulitis depends on the presence of complications (such as abscess or perforation), severity of presentation, and burden of comorbid disease. Stable, immunocompetent patients with uncomplicated diverticulitis can often be treated in the outpatient setting and sometimes without antibiotics. For uncomplicated diverticulitis, a clear liquid diet is recommended for several days, with advancement to a low-fiber diet until symptoms resolve. Patients with large abscesses require intravenous antibiotics and percutaneous drainage, usually followed by elective surgical resection; those with perforation and peritonitis require intravenous antibiotics and emergency surgery; and those with complicated disease should receive nothing by mouth until the diverticulitis is controlled. Colonoscopy should be performed 4 -8 weeks after recovery from incident diverticulitis if it has not been done recently.
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Practice Improvement The decision to restore bowel continuity after resection must incorporate patient factors, intraoperative factors, and surgeon preference
